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ARed blood cell mobility and whole blood viscosity were measured in 15 baboons
after the intravenoun administration of heparin or Intralipid or both. Red cell
mobility and whole blood viscosity did not change in the group given heparin.
The animals given fat or fat and heparin shoved a decrease in red cell mobility.
The vhole 10ood viscosity, however, decreased in the group given Just fat and
h~psrln. The ilications •. these fidings to flow through the microcirculation
and to the clinical use of Intralipid are discussed.
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Red blood cell mobility and whole blood
viscosity changes

c ARNOILD G. CORAN, LIEUTENANT

following the mR. M sIR
DAVID L. HORWITZ, LI-UTENANT

administration of BH .ESDA ,C 3sNR

From thr Burveau of Medicine and Sur~gery
liltravenous fat* Navy Do ermaen, t

I t he tm of fat ednalsio-a for intravenous grajns, were studied by dividing themi into
feeding has been widely adopted in recent three groups of five animals. The babnons
)ears. Sinee many of the patients receiving werc fasted for eight to 12 hours prior to the
these solutions may have significant abhor- study. On thef day of thl experiment, the
malities in the tmir.ocirculation. secondary to aninmals were anesthetiled with 1-(l-phcnyl-
the underlying disease process (e.g.. septic cy.cloh.cxl) pitp-ridine hvdrodhloride (Senyv.
hock, d 4cngestive heart failure, or other con- Ian), 1.0 ang. per kilogram of body weight

ditions etc.), the effect of the intravenous intraintsculatl, for insertion of catheters
administration of fat on the nicrocirculation into one femoral artery and vein. Each ant-
directly ot on factors that significantly influ. mal was then placed in a primate chair and
estce the microcireulation is of major impor- allowed to awaken. Four hours after the
tance. Merrill- I states that the rheological Semyhln injection. when the baboon was
properties of bloed are not Significantly fully awake. the exprirnent was begun. One
alhcred by hyperdipemia; however, Kroegee group received Intratipid alone, one group
feeh. that hyperlipemia does result in de- receiked heparin alone, and the third qroup
crea',,d blood flow through the capillaries, received both. The fat emulsion was given
The present study was undertaken to evalu- intravenouslv over 20 seconds in a dose of
ate the effect of Intralipidt a commercial 0.4 Gm. per kilogramn. TI'e dose of Intraiipid
fat enmulsion. on two rheological properties givrn to the first group wvas 98.8 + 4.6 sn).
of blood, and tile dose given to the third group w

99.4 ± 4.4 ul. likeis.. heparin was ,iVten
MATER.ALS AND METHODS the sammle ,'av in a dose of 100 I.U. per kilo-
Fifteen adult male baboons (Papio dogu- gram of body weight. When Intratipid and

era). weighing between 21 and 928 kilo- hep.arin were both given. time heparin %%-a,
administered a few se5tnds before the fat

Rqpdint ,rtwqt: An6tt G. Co, . 3t,•. .. Chidwn's wias admini'tered.
l'••, .. "%n.h tv•-M Moc•54 le'i" C7'"Ie. 11219N.ELa2t USt liw.'. Calif. 9M3. llood was withdrawn from the arierial

Tlh elrwiflt1 ,-p•ofed herrin %"r a .- catheter prior in tlhe inject:on of the fLt or
rt,-dintr to tiw p6hnri.. st forthlmGiit torlkbl•,y hl.lprii or both n-id then at • 10. 1. 220.
.fuwi;wds Fotiu*wz eaacdCott la ry or oh te a3O .2r(1.
-M the GW* -o7 La64alnt,5 Animal RMMrC.. N. 2 30. 410. 50. 60. 70. 80. and 120 ulimimes; after
tisal Ac•dm t ,S Yain-,•-,=,h Rh-,.h cvy;t. the fat itijection. 11hC htlowl was snn1I~ediaatev
At-rpttd for p.mlm..ati Sept. 14. MI1.
rtred l mr pa,.,-km c•"entriftmi'ed after it was Alowed to clot for

the )bors 3d r n to cn-,anw.d m•. ,•rioa cc five IllihutI'. andlt tile %P-1hii W:-is relnlt-ed
frclino•t ..he , of thw Nav', iDMnw Mw of t)iv and iron!e for suhbsequent analysis of free

s-lin.- T"N• .. fROn-.K..fr.a7•AZ1R. fatty acids and total lipids. Free fatty ackis
S.-¢tm l vo-...st,,is.. ,,, S ,, . WC.rc atalwd.- lae tile cfrlorimlietric :ni',-

- .', 71..Vr,. 3. pJ . 459464 .ich. 1972 URGERY 4.A
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'Fable 1. Serum free atHiy acids

---- 4r.ip____

Tinc I llqpafin ln!,alipid and hcparinf,,un.) I (pEqinil.) I(pEoin:l.) • (pliq/ ml.)

0 0.6 ± 1 .6 0.71 - 0.31 0.59 0 o.1H;
4 0.71 ± 0.17 21.81 ! 1.731 11.30: :;3..

Sto01.75-0.23 2..20 0.93 8.67 S2.38U
15 0.66 0.23 4.58 1 1.1111 9.62 ! 2.0(0

- o-• 1 1.99±0.9 4.22-U.18 10.49! 2.6
Muff ES 3o: 1.11 0.40 :1.89 1.99 11.46 ! 3.14,Itc MFa. 40 1.11 ± 0.39 3.31 ± 1.36 8.63 ! 1.71

tVXC* O FTEWL!M50 0.961 ± 0.39 5.41 1 .39 5.56 -* 1.49
F~ig. t. TIle effec't ,fi intrtntm,'nu. heparin at a disse 60 1.0-5 1 0.45 3.3.2. 1.88 4.16 t• 1.16

10f 01 LU. per kilogram If 1XK1y Weight 01 ýWFUIlt 70 1.44 ± 03.8 2.114± 2.06 3.20 ± 1.27

1Z0I1.28I± 0.73 4.9.1 ! 3~.4112.7 .4?

h-' w l , o f fr e e fa tty a c id s a n d to t:. -i N iip d . "r ite 1 20 1).27 6- 0 .713 4 . 03- - 3± .4 R 2 .7 7P • 1 -1 3• a|,tei are, exlir-swd a, lit mean : the standard 10 I.f±01 .2+20 .: .:
eroro (If the |||rae.'n tdl S .

tiejhid of McKenwi and colleag•ts.c Total electreplihoretic motilitv by th equal;oti
lipidi were titelstiret. by the coloritnctric Q = n"
liteti 01 ba1xsd on tihe sulfo-wlhospeo--anilln where ( is ahe charge in coulorabs, fi is ;s
reaction.? proportionality factor from Stok& law. r is

IIn addition. blood xwas "1hdrawn iromn th radius of the red cell, n is the vsosity
llthe atterial caltheter into hcpa.hituAd tMIXes of tlasutmt. and (v'iE.o is the electroplhontic
:it 7ero, 15. antd 70 tutinutte, after tiht- fat in- mobility (velocityjpotential gradient). The
jectioin for niaetiMretent(i 0' red blood cell factor 10.: ks needed to convert the final
mobility and whole bl)-,d viscosity. Separate result to coulontbs. Thlle formula nmust be
plasttit vscosithc ere not measured. Elertro. considered an approxinttation as tile f.itornr
pltoretic mobility was determined in a Co- 6- is e.xa-ct only for a sphere.
mierially ax~oimble Nortltrup.Kunitz cata. The juran, stancd.rd deviation. and stan-

1haoresis aijpavratts* simnilar to that described dard etror were calculated for all data. ar.d
hr Abramson atnd co-mxoikcrst. The time for statistical significance uas detennined with
.ed ceils to mnigmate 0.01 nti. in an electrical Student s t test and anal-sts of varace.

Spotential gradient of 2.86 v. per centimeter RESUI.TS
was deterntined for ten cells front each T
s.tttiple. All nieasurnttt'ntts uvre rnade Sit a The grotp treat-d with Iteparitt siowed
roon maintained at 25 ± I• C. "e heparin. ne significaut changzes in free fatty acids or001d blood ti-t 2l for the red cell aobility total lipids dering the experiment (Fig. 1
Ywiaslurencnts wtas diltled : 100 in Lsotonic and Tables I and 1I1. The animals g'ivetn
i•Osphate-bl,,�t�r d aline at pH 7.4. Prcvi- Intralipid alonz showed a rise in total lipidcs
o1 studies in this laoraor- hav-e shown within live mintet-s after injection of the fat
that the byparit concentrations used for (fro a nican 2 SEM tstand-ird error of the
amtticoa�lation (10 LU. per milliliterl do lean] of 351 ± 32 tag. per 100 ntl. to 830
nrot effect electtophoretic mobility." Whole + 69 ag, per 100 nl.. ) < 0.001) f Fig. 21.
bWood visetsities uerr ineastred in a cone- lltis peak value bega;,n to decrease ow-r the
plate mniclisroenltett,. at %bear ratem of I •3 next hour ;,nd returned to a base-line level of
to 115 sec." M54 ± 112 (p > 0105) 70 ininutes after tie

F•vthrocvte surface chaarge is related t, injection. Tb,: fatty acids inmnediately rse

five innitte- after th., injectmn. readhing a
"td-.,rr It. " • co.. i ,. peak valte of 4._41 ± 1.88 !IF(j wir milliliter

iTI-Afirm 1:";ft"T6C L. Inc.. S, ihmb. . XMt (p < OA.253 15 nmir.tmtts after adtn:,,istration
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Table II. Serum total lipidsI

Gwup 
120 -

Ileparin 1 In:,alipid landhepaini

-7;R 100 MI.) 160100 1.) 100 tnI.i
0 5 4(n* 3M.~ ±! 32 u J Q a . I --

3 :121± 16 880± t 69 t.005 49

0~ M.~ 2 .,!1 1±6 ~ti'iO 20 t 064 ta 78 901 6,----

30 30o ±2, 7:14 1 81 WV9 It20
40) 275±2:- ;~ii 97 7to~; 11 o OZ 04 N

30 271 1. 6661. 44 7. MiI4UZES
60 21172.0 604 ! 90' 49-1 I I.; "..CUM OF FAT EMULS~IO
70 296±1 S.- 5714h12 471 .64

F024±1 ~ii 0 ig. 2. The eflo~ of ititmetwi~t,l. atdmzinistered

1110 S66 i 16 450 ! 91) t -', l~it Alitz-aIIi~i -.t a d14s of 10. Gin. per kiloumrusa
'MrAft mi*.ndard eimpAtu no.Oz 4nt 1-0 4 Im f-it acidsa- total lipids.

Trhe valut-4 are exprt-,%rd as the, maeala the %tait-

~'f tile fat. Thuis ek'vatrd level fettirtictl ito eArd rgrer i-f tin. mrlati.

hiase--litic vaIut,e at die end of two liotr.N. "I lit- 12hnjection of hieparin aloung with Intralipid
reaulted in a sigitificaut initial rise in tot-:I

lipids fr-ont 332 ± V0 aug. lxer 100 nil, to 1.095
93 nag.& per 300 tmi. (Fig. :1^ .lw lipids re-

turned to baseA-line Ie-el 50 minutes aftf-r til -

injeciion. 11is initial rise in total lipid, was V1
hi-her in the group giveun Intratipid and 'K a-~

lie-parin than in thte grfoupj ugien Intralipid i .-. ..
alone (1,09.5 -f 9"3 %.emus 8180 ± 86t. but thi, ! i

~~snot Statisticalky Signilicanlt (0.0I1 < 1) <C 0. ~ ....-
1.Thle fattv acids. likewise. rsew inune-di- 0 0m ~ w m 10 3

'Ately after inj.ection of the hetparin and fat ~ ~ MW
fromi 0.59 1- 0. 16 pFAI pe-r milliliter to 11.30)

3.538 Zi()<0.02 1avid then lit-an to Fig. 3. The effect of itiaravenenaslv admini'xerrld. E (I fuat (Itittalipid'- ar~d hritiArin on serum kevli- 4f
decline. r~eachingi a lbase-line valor of 2.53. frr-er fattv acid, antI -otal Novid. The valurs pre~
1.13 pEq per mailliliter :at the e-nd of ioso exim'Aset1 a4 tile ittrai; the standard error o-f th*.
holuis flp > 0.1 ý'. Onace a.-min. tile fatty arid MCeA".

rlt-Vatiort appeared -zrrateri in this igrouip -,hall
inl the :anitualts gihen only Iniralipid (11.30 0.76 :- 11.09 for ti"- group given Intratipid.
t 3.58 x-erquF 4.58 - 1.88) lioiwier. dti.wa andi 9).83 ± 0.12 for thec atnimals. injected
differences te not statistica~li Sig-nifieant with hodt Isepari.n and fat ('r-SAhk III

0(.0.5 < p) < 0. 1 - - Tir aliinlaads %!ivesa hejiarill alone. Shaoimd nil
Ilirughotilt.e Ip..%riittlett ito fch1tngr-s in hatein red cell sntohilit~- at 15 or 7(1 mmi.

heniatocrit olt'cuiredt in :ali of the tgroupsA. muteq after the leieparn ijucc ion (Fig-. 4 1. lit
and their uvre no .ignificant differencevs it, the Intralipid group, the red cAl niobIlity
lientitaw-rit ;.niont. thea three groups of atli- decre-asd front 0.76 0.09f to 0.47 f 0.0)
inats. Thie pi-tinirctkat red ct-l niohilitie,. for (pa <C 0.05 1 -- niunte,%.-ift.-r the, fat injec.
'1ll :l:ree gmuaap- wrie nut statistirallv differ- 11(111 andI thlwn reurned to a base-liner %alul.'
ent (0.875 ± M (it jr pr secoid wxr %ol lut (if 0.8 1 0.16 PT > 0.71- after 70 mainlute'
cent-inirter for shet hit-liarin-tleatid .mninuzmi. Tlhe .41nt11 Iwaltern was 5("m, in the anlimals
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SHEAR RATE (Sec'l)

Filt. 3. (:luntc, whole i-x bIc- ~imity ( mc.11! St.M) f~1Ieciný -.Iw iljecti~m .4 Inuia~apid.

-truated w~ith b~oth ;at and hepatin. Fiftren the whole blond '.i~cwnitv va~tz~'t of all 11ter 7e

t;iinuite after the( injection, die mfo1)i~tv de- -zmuAps at ,.hear iratv% vmir~ng froni 115 tiv

crae to 0.47 t 0.13 (1) < t.051~ and then 11i wc. 1, urre not sj~igificantly ditferent

returned to a hame-line vailue of 01.56 ± 0.12 -Fig. 5 anrd Tabhle IV%. ILikewise. the ani-

(p > 0.11 after 710 muitlutes. 71h1 whole sual, givi-noiu helarin shomm-d no cltam-m-s
blood vin-ositv uneasnrenvn~tts wrtr e talisated Hil vwoo itv. at' the Omviu! uar raues. 13

mtatisticahlyItyi anmdvS3i. of variance. O'retmir. anud 70 ntinutes after injetxtion. It- the Intra-
of data ibont oti siugnifwnr ifr lipiid uoup. a sigtnificant rdecreaw' in vistu~tv

c"ierS Were fu~rthcr exantired by D)uncan% tva, se'en I5 i inutes- aftrr the fat injiikoin at

tmultiple' In.nue test to finud thu ale sit. .-I shear rate of 11.5 'ee' 'I'li value de-

nijficantiv different from base-line- valumw. cireasd front, 9.78 t 0.66 to 6.46 4 .7

Prior to injection of fat or helarin or bloth. ivntvpoi'uv = <- 0.0i%. At 70 muimutes%. a



Fulume 71 ChIanges fiolloincig intravenvus fat admnhiis~ratiott 463
Number 3

Table 111. Red blond cell1 mobility Table WV. Whole. bloud ziuc~toity Y

Inti'alipid .I IrtraliPid -
I1e'pa in Initalipid and heiparin Shear i ai In~ralipid land hpu

15~~#.I 0. t18 6.)4 14.7 0.472 1.89 .7t .3 1)m

70i 0.62n tis 0.s13v 11.111ae :1: 7 6 0in hte 0. 12lItL115!6. 1.01 0. 9.78 10 0.37i 81.2 1_ 0.469
V Wau %UtV rAud (tioutib w.32 1: 9.311 tt 03.72 8.1 1.8 .4,1.-

2.63~4 Iltt~xtuH at 8.) !ha Mat 0.11520 i
ii.nfcn deres 0.0 p <i 0.440 .3 tVA -n11.82 I !j 6.61)5 ! (1.111 6.314 ! .16.4 6.16 4.44

shearat a shear1r.teawl 23. Oi tit- other 2 7-- 1:.4 591 ~S59:0

liande tilet omintals ivenfa and heparin.

4vinved ~ ~ ~ ~ ~ can areat siniicn ri~e itni viscsit 15 LWO'utt ., 1 1121 64 t71.2

tit. aftdeara inj rd tl aoiiti1ottn and thna0tli o4 .Iutt t 0.15 .4 a!e t .49 ia 0..-)4s 1oa.1
auw r the vieintvaluesho fat 70lmnuesTh IF o.r1 of 0.511 th. 1neci0 !f Intrali 11.22 :tpi 0.119

and (vitv aincreasled fioi 8.12 ± i~ i.9 to t 0.u1.72 Tiiiirs.inssw'tv1 iuesl
2.63i acidentetonim aa lipids rate of1.0 mnnts ithnt. oltilu atesa 0ia

M.C I ) 0.01 1.d felmoult~ 7.44 re: 0.57 to a18 ita.- 8..10.1- 6.14 op OAit 1indiui ! 0.t- llw~

rhaiwaletl of 46 fattyOi 1 aeids.tes(1 afte tile , 3iiate.tefe atyaiti
ninjtatin (ifIteradipi fat ndtin nieavin . m ,i~il it: a adl'prn~tr.h e

itavaltr th sufac itate f te rei e It Thea iii lvthost;t of fat faloe.e Ill 70 atitiui.

and herin .-adto ecrase redcel ww a bth detupm iad sittiolarlee btof freeoit fAtty
hIjIw ded ce-ll zniti is cellte tobiityd c5 anid. 7hee ather lihir linjirctof uhtie a:'d

.utetsc. ater ttilie 1w ý-tit (if fataint, oru of fth tinlth- inj-vioop (ifez lmtrahid and Iaejmrin r
aeind orx.rn pnaerallelnd tilt- ods: there in it mhe i acon frim the sInit mintle es airr
fatt, acd derasinJ reta cllpds Apblt 7 minauldý wit ae turn to~e ImeAittvh valnd~ at 70 uirt-
cWrresxtl til re tell as in~iity a Ira'etuh~rned tomn a hate th im-1d opliet findins ait" fllwdit-v;
pvfull lon valor tllt sufire haresotld favor httd s andtoerpl 11a ftot al butti ratures to both

totaln ltpids had drettianed it bw-ln thought ti %VltIC sewn-laiv thekSaint-:lvl a
e'zIll#-htr ies-% o ifartly acisne a delli. 15 at 1.5 Inialutm.tile Ther fal'. ariwdl ztit- tx

intit) iette ate'igr th tinjcin mavl the use uarad alssml 6% .te and tujtatufe %wa osrr hl:d.t
ofv alter tailesurfacet dtrtgv of tit; Inte ttwIwHi thnin thom eadier aricleft.eAtil 7 0 coniwwtted
land to etrtel~ra todeeased-dv incailr lood tla I lwre tI1NloTit-te tw (Ifrcu data s .1msntt
biliw. th elioiit -i-ae t -1c-1 ati- Whether ljnilt ;t-1fer ete ofi, ilmetilogof

-' ~ ;S
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bhoxf. Krolager." tutilizing the( techlmique of li:Iding it) Hlow titiougli the mzicrol-irtuittlao-o
itntravitat kIiroZ. py. shlowed1 that tile atd- and to tile clinical time of Iuttrailipid are dis-

'I) of tile f.at culiiilsioll. UI.pfunidili. cussed.
led w& -.casd flow througth the capillaries

etp~ua.io oft J.n Mage ;slid Mr. J. Ewell andthe
s:tn~iv. fit7 drn. REvr ifrssg ii a tyfolowng Nav ihCES mp tri:folm.kclk
fin o nAu u.ilii ill that t is a d cotnsed oil c. Ar~ iu~. Iakr oti. . M..tileu.. St.flo~. Mart(..in.

ella~~iiill-ucrar Itrtiaipi is a~ sotlrt' oi -. Simu: s.. an Rea.r. . Atrvzii

dscal lsion uiISIIan vOf IIIV* 'Alophtai5W t.rl asw thei~ as~ut si- 6

In wisvherlu-'wspi or thendow oatL isru cel I .hprm.nii H. A..:Sas Miqr L S..etand Ghwin

kilit bodecreawl mobiit woud awholei toan £dN.I:irutd toph~nifrti of jltcihe nns. w SS~

-,r IAtsxIc-1 beaggea. ibo d a -viw iii ie- M.~ni.E l ~~4.'41.J h*.
:Lwo~iit. the wol te botdhiersty ftwijz. C S. and¶ 1969n.R.T:Ac4oue

io pxt.devnM~ in ;idinetr~im to dicdi fat W.- u . C iUPatWq. 53 89- .19
I.~~3 bHallered 1w I ~~mc. A.~ fl,:t Citica -va.:r R'..e Duaj

clatil and bplian.Theiojmt of thmedtaa e 493.r9t4

tw ut4miizd tc inerv,1:6:
s~ilawt-undn .- l-maeu

toW -hlxritaimi eria fhnlu .Icriz _L s~mo h .,m fAc

t-J uwarcj~ý yutrI;
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